The purpose of this investigation was the adaptation of a novel, but little used, methQod for the improved production of high-titered antibody against the murine toxin of Yersinia pestis. The murine toxin of Y. pestis is one of the main antigenic components of this bacterium and may serve for an immunological differentiation of various Y. pestis strains (8) .
Garra and Baygorria reported the localized production of antibody in granulomatous cavities that was induced by subcutaneous surgical implantation of perforated plastic table tennis balls into rabbits (3, 4) . The antigens, either erythrocytes or human growth hormone, were injected into the interior of the ball. The fluid draining into this granulomatous cavity contained antibodies with higher titer and increased specificity than could be obtained from sera by conventional immunization.
Using the implantation technique, Paseyro et al. obtained antithyroid antibodies with titers 16 times higher than those in the serum of the same rabbits (6) . Similarly, Somma Moreira and Tosi obtained antibody against Coxsackie virus (group A, type 1) with titers 10 tmes higher in the granuloma fluid than in the serum of conventionally immunized rabbits (7) .
We demonstrate in this report that this new method of immunization yields more and easily obtainable antibody for the identification of Y. pestis strains and characterize some immunological and chemical properties of the granuloma fluid and granuloma tissue that should facilitate the general application of the method.
MATERIALS AND METHODS Preparation of murine toxin from Y. pestis. Y. pestis strain JAVA 1241 (Communicable Disease Center, Fort Collins, Colo.) was the source of the toxin. The bacteria were grown in casein hydrolysate broth at 28 C for 7 days. The autolyzed cells were harvested, and the toxin was precipitated from the supernatant of the autolysate with (NH4)2SO4. This crude murine toxin was purified further by differential (NH4)2SO4 precipitation to separate the Fl fraction, following the procedures of Baker et al. (2) and Ajl et al. (1) . Finally, the toxin was purified by gel filtration, first on a Sephadex G-200 and then on a superfine G-150 column. The immunochemical characterization of this antigen was described previously (9) .
Induction of granuloma. Hollow, perforated plastic practice golf balls (Target brand) were implanted surgically on both sides, under the dorsal skin, of 3-month-old New Zealand white male rabbits. The balls settled firmly in one place in about 3 months with a granulomatous tissue covering them and with fluid draining into the lumen of the balls. The golf ball with its surrounding tissue at the end of the experiment is shown in Fig. 1 .
Immunization procedures. One hundred and forty days after implantation, the four rabbits were immunized by injection of toxin (1.25 mg in 1.5 ml of saline) into the lumen of each golf ball (2.5 mg total per rabbit). At day 70 after immunization, the rabbits were rechallenged with 0.25 mg of toxin in 1.5 ml of saline injected into each granuloma. The local, "in granuloma" immunization of rabbits resulted in substantial production and accumulation of antibodies in the granuloma fluid draining into the lumen of the perforated golf ball (Table 1) . During the course of immunization the hemagglutination antibody titer of the granuloma fluid was consistently 3 to 5 log2 units higher than the serum titer in the same rabbits. The titer was also about 3 log2 units higher than the serum titer of conventionally immunized rabbits (Table 2) . Furthermore, the titer remained high for more than 60 days in the in granuloma-immunized rabbits; after the booster immunization given on day 70, the titer increased and remained high for at least 4 more weeks. Table 1 indicates that two of the eight golf balls implanted became infected either during implantation or fluid withdrawal. With proper surgical and sampling techniques such infections can be eliminated.
The antibody content of the granuloma fluid 42 days postimmunization, as determined by the quantitative precipitin test, was 2.84 mg/ml compared with 1.02 mg/ml found in the serum of conventionally immunized rabbits (Table 3) . The granuloma fluid contained only about half as much protein as the serum, yet it contained a higher percentage of gamma globulin and more specific antibody than the serum. In the preimmunization stage, the granuloma fluid contained mostly albumin, some beta globulins, and little gamma globulin, but after immunization the gamma globulin increased from 1 to 26%, with a corresponding 10-fold immunoglobulin G (IgG) increase. Much of this IgG (53.9%) was specific antibody. In the immune serum obtained by conventional immunization, the increase in IgG was much smaller, and the specific antibody constituted only 10.3% of the total IgG. All antibody activity of the granuloma fluid was contained in one Sephadex G-200 elution peak. This peak had an approximate molecular weight of 160,000 based on comparison with the elution volume of bovine serum albumin, bovine gamma globulin, ovalbumin, and trypsin. This fraction also gave a line of identity with purified rabbit 7S IgG in an immunodiffusion test against goat anti-rabbit gamma globulin and anti-normal rabbit serum, thus indicating that this antibody was the IgG type.
Acrylamide gel-disk electrophoretic patterns also revealed differences between pooled immune granuloma fluid and pooled immune serum. The gamma globulin band was more pronounced in the granuloma fluid than in VOL. 10, 1974 459 serum, but three bands corresponding to alpha and beta globulins were missing in the granuloma fluid (Fig. 2) . The immunoelectrophoretic patterns against goat anti-rabbit serum corroborated these differences. When the antiserum was adsorbed with the granuloma fluid, the remaining lines with rabbit serum were those in the alpha and beta macroglobulin region, demonstrating the absence of these proteins in the granuloma fluid (Fig. 3) .
The blood chemistry profile of immune and normal granuloma fluid shown in Table 4 suggested that it was a transudate. The granuloma fluid was different from the blood serum in its chemical composition; notably, it was higher in CO2 but much lower in inorganic phosphate, cholesterol, bilirubin, and alkaline phosphatase.
These data indicated clearly that the granuloma fluid was different from blood serum, suggesting that the secretion of this transudate was most likely under the control of the surrounding granuloma tissue.
The differential leukocyte count in the granuloma fluid of immunized rabbits also indicated local antigenic stimulation (Table 5) . Notable was the high initial neutrophil count, also observed by others around a site of infection (8) . The neutrophil/lymphocyte ratio progressively reversed as immunization proceeded. The lymphocyte count and plasma cell count became unusually high by day 42 after infection and resembled cell reaction associated with lymphoid tissue.
Histological tests confirmed the above observations. The granuloma tissue covering the holes of the golf ball consisted primarily of fibrovascular connective tissue with resolving granulation tissue interspersed with focal areas rich in plasma cells. Small numbers of macro- :'observed.
Iin_b DISCUSSION Local antibody production in a golf ballinduced granuloma is a novel and convenient way for obtaining specific, high-titered antibodies.
Examination of the granuloma tissue surrounding the golf ball and the leukocyte counts in the granuloma fluid suggest that this granu-*X i-2 loma tissue, in attempting to ward off the implanted foreign body, mounts a local immune response. The localized antigen within the ball presents a constant and lasting antigenic stimulus to the surrounding granuloma tissue rich in lymphocytes and plasma cells, resulting in a sustained production of high-titered antibody.
The high neutrophil counts in the granuloma fluid at the early stage of antigenic stimulation and the progressive reversal of the neutrophil/ lymphocyte ratio are consistent with the picture of a localized antigenic stimulation. The different composition of the granuloma fluid from U that of serum and the blood chemistry profile strongly suggest that this transudate is excreted directly by the granuloma tissue.
In the particular case reported here, the antigen stimulated the increased production of (ii) The antigen is present in a well-localized granuloma and is probably retained there for a long time, thus providing a constant antigenic stimulation judged from the sustained high 
